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Abstract:  
    The impact of amorphous Co80Ni20 alloy powder pressing pressure on magnetic 
properties was investigated. The powder was pressed at room temperature under pressures of 
560 MPa, 1100 MPa and 1300 MPa. Investigation of magnetic properties was conducted by 
magnetic susceptibility measurement in temperature range from 290 K to 900 K. It has been 
determined that with a pressing pressure increase the magnetic susceptibility rises. The 
differential scanning calorimetry method showed that the crystallization process occured in 
two stages and each crystallization stage was followed by a magnetic susceptibility change. 
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Introduction 
 
Amorphous metals in the first approximation can be investigated as systems of 
chaotically positioned ions, among which conductive electrons move freely. The disordered 
atomic structure of amorphous substances reflects their electrical, magnetic and mechanical 
properties. 
  The development of modern materials is based on general principles rooted in 
technology – structure – properties prognosis, where the structure with its hierarchical order – 
short and long distance order plays the role of a parameter according to which the property – 
synthesis relation can be defined. An ideal amorphous structure is considered to be the one 
which does not have a regular atom order at longer distances, but which has a regular atom 
order at shorter distances. However, if the atom order is disturbed at shorter distances, there 
are defects in amorphous structure. In other words, structural defects in amorphous metal 
alloys represent localized areas of internal strains at certain level of atomic symmetry [1]. 
With the pressure effect during the process of amorphous powder cold sintering, 
certain levels of structure change as well as appropriate influences of the levels in concern on 
certain material properties such as electrical, magnetic and mechanical occur. Thermal 
stability is essential for amorphous materials. Hence, the properties of these materials are 
investigated in the temperature range up to the crystallization temperature and in the 
crystallization temperature range, where the phase transformation effect on the physical 
properties is monitored. Therefore, the main task, based on structural transformations 
information, is specificity analysis of the transition from an amorphous into a crystal state. 
Magnetic susceptibility is one of the values whose changes provide information about the 
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type and nature of  the phase transformations in the investigated system. 
 
 
Experimental 
 
Amorphous powder of Co-Ni alloy (Co80Ni20) was obtained by the electrochemical 
method. Powder structure changes were determined by the differential scanning calorimetry 
method (DSC) by heating in nitrogen atmosphere in the temperature range from 290 K to 
1000 K. Samples obtained by powder cold sintering under pressures of  560 MPa, 1100 MPa 
and 1300 MPa were used in magnetic properties investigation. Magnetic susceptibility 
measurements were conducted by the Faraday method in the air atmosphere in a temperature 
interval from 290 K to 900 K. 
 
 
Results and discussion 
 
During annealing of the starting powder of the Co-Ni amorphous alloy structural 
relaxation occurs  and subsequently the crystallization process takes places. A thermogram 
obtained by differential scanning calorimetry method (Fig. 1), shows that the powder is stable 
up to a temperature of about 570 K.  
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Fig. 1 DSC curve of the starting alloy powder. 
  On the other hand, the DSC – thermogram has two exo-peaks, which implies that the 
crystallization process of the investigated amorphous alloy occurs in two stages with 
crystallization temperature peaks Tk1=688 K and Tk2=761 K. During the crystallization 
process a certain amount of heat thus obtained can have a catalytic effect on the process, 
when the crystal formed reflects the amount of heat obtained to the surrounding amorphous 
matrix that is in that way excited and crystallized. 
  Fig. 2. shows the measurement results of the magnetic susceptibility temperature 
dependence χ(T) of cold sintered Co80Ni20 amorphous alloy powder under pressures of 560 
MPa, 1100 MPa and 1300 MPa.  R. Simeunović et al./Science of Sintering, 38 (2006) 283-286 
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Fig. 2 Magnetic susceptibility temperature dependence for pressures of 560 MPa, 1100 MPa 
and 1300 MPa. 
 
With the rise in the annealing temperature up to about 570 K magnetic susceptibility 
negligently increases. This implies that there are no significant structural changes in that 
temperature range, which is in accordance with the thermogram given in Fig.1. In the 
temperature range from 570 K to about 700 K,  in which structural changes occur in the first 
crystallization stage, magnetic susceptibility sharply rises. Partial overlapping of 4s and 3d 
orbits implies that some electrons move into the conductive zone. Namely, with new structure 
formation in the first crystallization stage, when a metastable crystal structure is actually 
formed [2], concentration of the collective electrons increases around the Fermi level [3], 
bringing about a sharp rise in magnetic susceptibility, which is in accordance with the 
paramagnetic, i.e. Pauli free electron susceptibility relation [4]: 
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N - being free electrons concentration, µB  - Bohr magneton, µ0  -  magnetic constant, EF  -  
Fermi energy level. 
In the second crystallization stage in the temperature range from about 700 K to 950 
K, with maximum overlapping of 4s and 3d orbits, which causes a decrease in the free 3d-
orbit number with unpaired electron spin, magnetic susceptibility decreases. Therefore, the 
magnetic susceptibility decrease is probably the result of the formation of stable electron 
configurations during the transition from a metastable into a stable balanced structure [5]. In 
other words, with the temperature rise in a certain temperature range, electrons move from 
less stable configurations into the most stable configurations, which are distinguished by the 
minimum of free energy. 
Analysis of fig. 2 shows that magnetic susceptibility increases with the rise in the 
amorphous powder pressing pressure. The rise in magnetic susceptibility of the samples 
pressed under higher pressures starts and reaches its maximum at lower temperatures, which 
was determined by temperature dependence monitoring. This is in accordance with the fact 
that with a pressing pressure rise the internal strains in powder particles increase. Hence, the 
structural relaxation process of the amorphous alloy starts at lower temperatures. R. Simeunović et al./Science of Sintering, 38 (2006) 283-286 
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  High pressures can cause overlapping of electron orbits in atom in neighbouring 
layers. With transitional metal–based alloys the essential factor is a direct interaction due to 
d–orbit overlapping of neighbouring atoms, which leads to significant changes in electron 
states and consequently to the change of magnetic susceptibility. Therefore, on condition  that 
energetically most appropriate states are formed as a result of electron transitions under high 
pressures, it can be expected that elements with nd > 5, such as Co and Ni, suffer a statistical 
weight decrease of d
10-configurations and increase of d
5-configurations with a simultaneous 
rise in the collective electron number [5]. Hence, the collective electron number increases in 
accordance with relation (1) and causes the rise in magnetic susceptibility. 
 
 
Conclusion 
 
  This paper analyzes the temperature dependence of magnetic susceptibility in 
reference to the pressing pressure of on electrochemically obtained Co80Ni20 amorphous alloy 
powder. It has been determined that with a pressing pressure increase the magnetic 
susceptibility rises. 
  During cold sintering, resulting from the high pressure impact on dispersed metal 
systems, the distance between atoms of neighbouring layers shortes, causing greater 
overlapping of valent orbits. In that way the number of collective electrons increases causing 
a rise in magnetic susceptibility. 
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Садржај: Испитиван је утицај притиска пресовања аморфног праха легуре Co80Ni20 на 
магнетна  својства.  Прах  је  пресован  на  собној  температури  под  притисцима 560, 
1000  и 1300 МРа.  Испитивање  магнетних  својстава  вршено  је  мерењем  магнетне 
сусцептибилности у температурном интервалу од 290 до 900 К. Установљено је да са 
порастом  притиска  пресовања  магнетна  сусцептибилност  расте.  Методом 
диференцијалне  сканирајуе  калориметрије  утврђено  је  да  се  процес  кристализације 
одиграва у два ступња и да сваки ступањ кристализације ррати промена магнетне 
сусцептибилности. 
Кључне  речи:  Аморфни  прах,  хладно  синтеровање,  притисак  пресовања,  магнетна 
супсцептибилност.  